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A  slsple  aodel  is  used  to  obtain  Infonatlon  about  localized  aagnetlc 
■oaents  In  aetals  froa  Mossbauer  (or  nuclear  aagnetlc  resonance)  experl* 
aents.  The  foraulatlon  eaphaslzes  the  explicit  dependence  of  the  hyperflne 
field  on  the  spin  S'  of  the  Fe  atoa  and  shows  why  the  teaperature  dependence 
of  the  hyperflne  field  follows  a  Brlllouln  function  of  the  total  localized 
spin  S  (with  S^S‘).  The  aoaent  of  Fe  atoas  In  dilute  concentrations  of 
Pd,  Rh,  and  Mo  are  deteralned  and  the  apparent  contradiction  between 

*  fl 

Mossbauer  and  susceptibility  ueasureaents  for  Rh  and  Mo  is  discussed. 


Large  Magnetic  aoaenta  associated  with  Fe  atons  dissolved  in  non* 
Magnetic  4d  netals  have  been  extensively  studied  by  aeans  of  susceptibility 
neasurenents^.  (At  the  Pd  end  of  the  series,  the  Monents  are  found  to  be 
large,  i.e.,  '^9-12  /xq  [Bohr  Magnetons]).  Theoretical  interpretations  have 
enphaslzed  the  localized  nature  of  these  nonents^*^.  Recently  reported 
Uossbauer  neasureaents  by  Craig  et.al.^  on  dilute  solid  solutions  of  Fe^*^ 
in  Pd  have  confirned  the  Magnitude  of  the  aonent  reported  earlier^  and  have 
deaonstrated  that  the  aonent  associated  with  the  Fe  Inpurity  acts,  at  low 
tenperatures,  like  an  Isolated  Magnetic  aonent  in  an  external  Magnetic  field. 
However,  for  the  cases  of  Fe  in  Rh  and  Fe  in  Mo,  Craig  et.al.  find  no 
hyperflne  splitting  due  to  a  localized  aonent  in  apparent  contradiction 
with  the  susceptibility  experiaents  which  give  a  aonent  of  2.2  and  2.1  /ixg 
respectively.  The  Magnitude  of  the  aonent  on  the  Fe  atons  thenselves  has 
not  been  Measured  and  hence  the  Magnitude  and  spatial  distribution  of  the 
Magnetization  of  the  localized  states  has  not  been  deternined. 

This  note  is  concerned  with  these  aspects  of  the  problen  of  the  ob* 
served  localized  nonents  in  netals.  Starting  with  a  basically  slnple  idpa, 
we  show  that  neasureaents  of  the  hyperflne  field  (e.g.,  by  aeans  of 
Mossbauei  or  NMR  Methods)  can  give  this  infornatlon  -  whereas  susceptibility 
neasureaents  cannot  -  and  that  the  nature  of  the  coupling  between  the  spin 
on  the  Fe  atoa  and  the  polarization  of  its  surroundings  can  be  inferred.  In 
addition,  the  tenperature  dependence  of  the  hyperflne  field  is  derived  and 
is  shown  to  agree  with  experinent.  However,  in  contrast  with  earlier  work^, 
our  fornulatlon  enphaslzes  the  explicit  dependence  of  the  hyperflne  field 
Hint  on  the  spin  S'  of  the  Fe  atoa  and  deaonstrates  why  H^i,^  versus  tenpera¬ 
ture  follows  a  Brlllouln  function  of  the  total  localized  spin  S(with  S^S'). 
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We  assuie,  as  Is  generally  done^,  that  the  Internal  field  Is  propor¬ 
tional  to  the  tlae  average  value  of  the  z  coaponent  of  the  spin  on  the 
Fe  atoi, 


Hint  -  A  <S\>.  (1) 

This  relationship  is  valid  for  the  Feral  Haailtonlan  for  a  free  atoa 
vlth  L  -  0  (In  which  case  A  °’|^(0)|^).  and  appears  to  hold,  nt  least  qual¬ 
itatively,  for  a  nuaber  of  cases  In  aetals  and  alloys.'^  WhlTe  an  exact 
visualization  of  the  origin  of  A  is  not  necessary,  it  Is  perhaps  reasonable 
to  assuae  that,  for  the  case  at  hand,  A  arises  aostly  froa  the  polarization 
of  the  s  electrons  in  the  core  and  conduction  bands  by  the  localized  (3d) 
spin  density  on  the  iron  atoa.  Since  contributions  to  froa  the  polar¬ 

ized  host  atoas  are  also  proportional  to  S'  these  nay  also  be  Included  In  A 

For  paranagnets,  thernal  relaxation  tines  are  so  fast,  relative  to  the 
y-ray  llfetlae,  that  In  the  absence  of  an  externally  applied  field  H  the 
average  value  of  the  spin  <S'2>  is  zero  and  hence  no  hyperflne  splitting  .'s 
observed  in  a  Mossbauer  neasureaent.  When  H  0,  one  has  the  usual  case  of 
the  allgnnent  of  the  spins  of  the  paranagnetlc  atoas  and  a  thernal  average 
of  S'2  is  given  by, 


<S'2>t  -  S'Bg.  (X).  (2) 

Here,  Bg«  (x)  Is  the  Brlllouln  function  for  spin  S',  the  paraneter  x  Is 
g^S'  H/lcT,  and  g  Is  the  gyronagnetic  ratio  (which  we  take  to  be  2  In  what 
follows).  For  snail  x,  l.e.,  large  T  or  very  snail  H,  Bgi(x)  Is  given  by 
(S'+l)x/3S'.  The  field  at  the  nucleus, as  a  function  of  tenperature  Is 
then, 

Hn  ■  H  *  -  H  ♦  A  <S'2>x  -  H  ♦  A  S'  Bg.  (x).  (3) 


-3- 


since  H  is  an  additive  constant,  it  is  convenient  to  subtract  H  fro*  the 
observed  and  to  discuss  the  renainder,  i.e.,  (Since  H„<0 

Craig  et.al.^  actually  "added*  H  to  to  obtain  For  "ordinary* 

paraaagnets,  i.e.,  those  for  which  the  spin  which  gives  rise  to  the  hyper- 
fine  field  and  the  spin  which  gives  rise  to  the  susceptibility  are  one  and 
the  sane,  Eq.  3  has  previously  been  used  successfully  to  explain^  the 
observations”  with  the  Mossbauer  effect. 

Consider  now  a  spin  S'  rigidly  coupled  to  its  polarized  surroundings, 
the  systen  foralng  a  resultant  spin  S.  (In  general  this  coupling  can  be 
ferronagnet  or  antl-ferronagnetic  in  nature,  but  we  shall  assune  in  what 
follows  that  the  coupling  is  ferronagnetic) .  Suppose  we  now  take  a  col¬ 
lection  of  such  spins  S  to  fora  a  paraaagnetlc  systen.  In  an  external 
field,  is  of  course  given  by  a  Brlllouin  function  for  the  spin  S. 

Because  of  the  rigid  coupling.  S'  "follows*  S,  and  so  <S'2>t  is  now  given  by, 


2>t 

S' 


<S2>t 


Bs(x) 


(4) 


Instead  of  by  Eq.  2,  which  holds  only  for  a  systen  of  free  spins  S'  Therefore, 
we  have  that. 


“int  ■  A  <S'2>t  •  A  S'  Bs(x) 
which,  in  the  region  of  snail  x.  Is  given  by. 


“int 


A  S' 


(Stl) 

3k 


(5) 


(«) 


Equations  5  and  6  display:  (1)  the  physical  origin  of  through  S'  and 

A  and  (2)  the  tenperature  dependence  of  through  the  usual  susceptibility 
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factor  (which  Is  concerned  with  the  total  spin  S) . 


It  follows  froa  Eq.  5  that  the  saturation  value  of  Is  given  by. 


Hsat 


A  S' 


(7) 


and  so  we  say  therefore  write, 

Hint  <S+1)  H 

-  ■  -  KMb*”-  (8) 

Hsat 

Equation  8  is  the  phenoaenologlcal  expression  used  by  Craig  el.  al.  to  fit  their  data 
for  Pd  in  the  linear  region  and  to  deterslne  S  and  hence  fi.  (They  find 
that  fjL  ^  12.6  and  S  ^  13/2.)  Hence,  we  say  take  the  agreeaent  of  our 
derived  expression  with  experlsent  to  indicate  that  our  siaple  sodel  is 
consistent  with  experience. 

The  above  forsulatlon  allows  us  to  detersine  S'  provided  we  can 
obtain  the  value  of  A.  Mossbauer  ■easuresents’^  at  low  teaperatures  (T"4‘*K) 
for  Fe®*^  in  a  widely  varying  range  of  Co  concentration  (3  to  lOOJ)  in  Co-Pd 
alloys  give  a  value  for  A  of  %  -300  kgauss  (which  is  also  the  value  for 
Fe®*^  in  aetalllc  iron).  Using  this  value  of  A  as  a  reasonable  approxlsatlon 
for  the  case  of  Fe®*^  in  Pd  and  the  observed  value  of  -295  kgauss,  we 

find  that  S'  ~  1  and  ^  ~  2 

Equation  0  also  allows  us  to  reconcile  the  apparent  contradiction 
between  the  Mossbauer  and  susceptibility  seasureaents  for  Rh  and  Mo  referred 
to  earlier.  This  expression  shows  that  although  the  total  spin  S  aay  be 
large  (as  deterained  by  susceptibility  aeasureaents) ,  the  hyperfine  field 
Will  be  saall  if  S'  is  snail.  (Since  A  depends  on  envlronsent^  it  will, 
in  general,  not  have  the  saae  value  as  estiaated  above;  this  effect  on 
is  probably  saaller  than  the  variation  in  S'.)  We  believe  that  the  negative 


MoBsbauer  results  for  these  cases  are  attributable  to  a  very  saall  loaent 
(M'<0.3ag)  on  the  Iron  atois  yielding  an  which  Is  unresolved  In  the 

range  of  H/ji  at  which  the  aeasureaents  were  aade. 

It  is  not  yet  clear  how  the  induced  aoaent,  about  10.6- per  Pe  atoa, 
is  distributed  aaong  the  Pd  host  atoas.  Theoretical  calculations  are,  of 
course,  exceedingly  difficult  to  do^.  A  auch  aore  likely  approach  is  to 
do  either  NMR  or  Mossbauer  aeasureaents  on  the  host  nuclide,  or  neutron 
diffraction  aeasureaents  on  the  less  dilute  (l.e.,  IS  Fe)  allpys.  The 
slaplest  and  aost  naive  aodel,  which  assuaes  a  polarization  of  only  the 
nearest-neighbor  Pd  atoas,  gives  a  aoaent  of  approxlaately  O.Q  and  a 
spin  of  1/2  per  Pd  atoa.  The  Inclusion  of  second  nearest  neighbors,  which 
Is  wore  realistic,  reduces  the  Induced  Pd  aoaents  to  0.5  mq  per  Pd  atoa. 

It  Is  surprising  that  even  this  crude  an  estlaate  can  yield  a  not  too 
unreasonable  result. 
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